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Introduction
We used SFV and CHIKV as representative alphaviruses to investigate the effect of the different 126 G3BP1 mutants on the viral life cycle in a multistep growth curve experiment. SFV replication was 127 significantly impaired but still detectable in cells expressing GFP alone or GFP-G3BP F33W (Fig. 1C ), in 128 agreement with previous observations [4, 5] . Remarkably, expression of only the NTF2-like domain of 129 G3BP1 (GFP-G3BP1 1-135) rescued titres similar to those obtained using full length GFP-G3BP1, 130 despite the much lower expression of the NTF2-like domain relative to the other mutants ( Fig 1B) . 131 GFP-G3BP1 ΔRRM also promoted virus replication very similarly as did GFP-G3BP1 WT, while GFP-132 G3BP1 ΔRGG caused a slight delay in virus growth, but still enhanced virus replication as compared to 133 cells expressing GFP alone or GFP-G3BP F33W. Taken together, these results indicate a pro-viral 134 effect of G3BP1 on SFV titres that is independent of G3BP's RNA-binding, 40S subunit interaction or 135 ability to form SGs, but is mediated by the NTF2-like domain alone. 136 137 We compared SFV replication in the GFP-G3BP1 WT cell line with the parental U2OS and the U2OS 138 ΔΔ cells. We found that 24 hours post infection, the reconstitution rescued the viral titres to a large 139 extent, although not completely ( Fig S1A) . However, at early times post infection, when we analysed 140 the intensity of dsRNA signal per cell, we found there to be very similar levels in the parental U2OS 141 cells as in the GFP-G3BP1 WT cell line, but barely detectable dsRNA signals in the U2OS ΔΔ cells (Fig  142   S1B ). The lack of complete rescue of SFV replication in the GFP-G3BP WT cells could be due to 143 specific functions of G3BP2 that are lacking in the GFP-G3BP WT cells, or other effects of 144 overexpression of the tagged protein ( Fig S1C) . Nevertheless, this supported that the GFP-G3BP1 WT 145 cells are an appropriate model for studies on G3BP1 function in infection. 146 147 We next tested the growth behaviour of CHIKV in the full panel of reconstituted cell lines (Fig. 1D ). In 148 agreement with previous reports [16, 17] , production of progeny virus was not detectable in absence 149 of the nsP3-G3BP1 interaction. In contrast to SFV, the G3BP1 NTF2-like domain was unable to 150 promote CHIKV replication. CHIKV replication was rescued by full length GFP-G3BP1 and less 151 effectively by GFP-G3BP1 ∆RRM. Thus, CHIKV only detectably replicated in cells expressing G3BP1 152 variants containing both the NTF2-like and the RGG domains, suggesting that there is another G3BP-153 dependent proviral effect conferred on CHIKV replication by the RGG domain. 154
155
The NTF2-like alone is required for efficient formation of SFV dsRNA-positive replication 156 complexes. To further characterize the functional relevance of G3BP1 during the SFV and CHIKV life 157 cycles, we performed immunofluorescence experiments to test if the different G3BP1 mutants 158 affected the organization of viral replication complexes (RCs) within cells. For this, we first infected 159 the cell lines presented in Fig. 1A with SFV at MOI 10, fixed them 8hpi and stained for nsP3 (red) and 160 double stranded RNA (dsRNA, blue) ( Fig. 2A ). In cells expressing GFP-G3BP1 WT, the proteins 161 colocalized with nsP3 and accumulated in close proximity to clusters of dsRNA-positive foci, 162 indicative of sites of active viral RNA replication. In contrast, foci of nsP3 and dsRNA were detectable 163 but weak in cells expressing GFP alone or GFP-G3BP1 F33W, and GFP signals were diffuse in the 164 cytoplasm. In the GFP-G3BP1 F33W expressing cells, GFP signals were clearly present in large SGs in 165 cells at early stages of infection, which were small in cells expressing high levels of nsP3. This was 166 similar to observations made in previous studies in cells infected with SFV mutants, which were 167 unable to bind G3BP [4, 28, 29]. Expression of the NTF2-like domain of G3BP1 (GFP-G3BP1 1-135) 168 was sufficient to promote clustering of viral RCs in discrete foci in the cell. However, nsP3-G3BP1 1-169 135 aggregates appeared fewer in number and smaller in size compared to nsP3-G3BP1 WT, likely 170 due to the lower expression level of the truncated protein. Cells expressing G3BP1 mutants lacking 171 either the RRM (ΔRRM) or the RGG (ΔRGG) domain still produced strong dsRNA signals that 172 colocalised with nsP3 and G3BP1, although they were less obviously clustered, and a fraction of GFP 173 signal remained diffuse in the cytoplasm. To summarise, recruitment of G3BP1 via the NTF2-like 174 domain is necessary for efficient formation of clusters of SFV replication complexes. This is also 175 reflected by the quantitative analysis of dsRNA signals in images from 3 replicate experiments ( Fig. 2B ). Production of dsRNA-positive replication complexes is strongly impaired in the absence of the 177 nsP3:G3BP1 interaction. 178 179 Both NTF2-like and RGG domains of G3BP1 are required for efficient formation of CHIKV dsRNA-180 positive replication complexes. When the same panel of cell lines was infected with CHIKV at MOI 1, 181 only cells expressing GFP-G3BP1 WT or GFP-G3BP1 ΔRRM stained strongly for nsP3 and dsRNA ( Fig.  182 2C), as expected from the growth curve data ( Fig 1D) . In GFP-G3BP1 WT cells, nsP3 was found to 183 colocalise strongly with the GFP signal, mostly in large foci, devoid of dsRNA signal, but noticeably 184 also colocalised with dsRNA signals in patches at the plasma membrane ( Fig 2C) . This was largely also 185 true for GFP-G3BP1 ∆RRM cells although in those cultures there were fewer infected cells, containing 186 weaker dsRNA signals and smaller nsP3-G3BP colocalizing foci. Only in very few cases (1-5% of the 187 cells) did we observe nsP3-positive cells in GFP-G3BP1 F33W, GFP-G3BP1 1-135 or GFP-G3BP1-∆RGG 188 cells ( Fig. S2 ). Moreover, in those rare cases, the dsRNA signal was either absent or at the limit of 189 detection. Despite these differences between SFV and CHIKV, CHIKV nsP3 remained largely diffuse in 190 GFP-G3BP1 F33W, ΔRRM and ∆RGG expressing cells, but predominantly associated with GFP-G3BP1 191 WT and 1-135 ( Fig. 2C and S2 ), similar to the observations made with SFV ( Fig. 2A) . 192
193

Accumulation of electron-dense patches in proximity to SFV-induced CPVs depends on the 194
presence of the RGG domain of G3BP1. The extreme reliance of CHIKV on G3BP for viral RNA 195 replication and gene expression makes it difficult to study the effects of mutation or truncation of 196 the protein on viral replication. However, since SFV is less sensitive to the absence of the protein, we 197 were able to use SFV to study the contributions of the individual domains of the protein mutated in 198 our panel. The immunofluorescence data show that G3BP mutants influence the formation as well as 199 organization of SFV replication complexes. To obtain a more detailed picture of this process in the 200 different cell lines, we applied transmission electron microscopy to view infected cells. Alphavirus 201 replication induces the formation of bulb-shaped membrane protrusions at the plasma membrane 202 (PM), referred to as spherules, which for some viruses are later internalized to mature into 203 cytopathic vacuoles (CPV) in the perinuclear area [30, 31] . This internalization requires another 204 activity of nsP3, the activation of the PI3K-Akt-mTOR pathway [31, 32], found for SFV nsP3 but not 205 CHIKV. We infected the G3BP1 mutant cell line panel with SFV and fixed at 3h and 8h post infection, 206
to investigate the impact of GFP-G3BP1 variants on spherule formation at the PM and CPV 207 internalization, respectively. At 3 hpi, we observed marked differences in the appearance of 208 spherules at the PM between the different cell lines (Fig. 3A ). In the absence of the nsP3-G3BP1 209 interaction (GFP and GFP-G3BP1 F33W cells), spherules were observed to be very few in number and 210 sparsely distributed along the PM. In contrast, cells expressing intact G3BP1 NTF2-like domain (GFP-211 G3BP1 WT, 1-135, ∆RRM and ∆RGG) contained larger quantities of spherules, readily detectable at 212 the PM. At 8 hpi ( Fig. 3B ), CPVs were apparent in SFV-infected GFP-G3BP1 WT, 1-135, ∆RRM and 213 ∆RGG cells. In particular, the SFV CPVs in GFP-G3BP1 WT and 1-135 expressing cells frequently 214 appeared in clusters of 3-5 CPVs, in some cases reaching numbers of 10 or more. As expected from 215 the earlier time point analyses, CPVs were much less frequent in GFP and GFP-G3BP1 F33W cells, and 216 mostly appeared isolated ( Fig. 3B ). From these observations, we conclude that the interaction of SFV 217 nsP3 with the NTF2-like domain of G3BP1 is required for efficient formation of viral replication 218 complexes early in infection and is associated with the appearance of increased numbers of CPVs, 219 often found in clusters. 220
221
Although domains of G3BP downstream of the NTF2-like domain were not necessary for clustering of 222 SFV CPVs, we noticed a distinct feature of the CPV clusters restricted to cells expressing GFP-G3BP1 223 WT or GFP-G3BP1 ΔRRM. In these cells, the clusters of CPVs were mostly surrounded by large (1-2 224 µm) patches of electron dense material, indicative of the presence of high molecular weight 225 molecules. The formation of these patches was likely not simply a direct result of efficient RNA 226 replication, since they were absent in SFV-infected GFP-G3BP1 1-135 cells, in which SFV replication 227 was efficient ( Fig 1C) and induced efficient clustering of CPVs, replete with spherules ( Fig 3) . The patches were also observed in parental U2OS cells after 8h of SFV infection ( Fig S3A) , excluding 229 artefacts of GFP fusion protein overexpression, and were occasionally also detected surrounding the 230 cytoplasmic side of spherule-containing sections of plasma membrane ( Fig S3B) . The CPV clusters and 231 associated electron dense patches were frequently observed in the vicinity of membranous 232 structures reminiscent of endoplasmic reticulum ( Fig S3C) . Since the GFP-G3BP1 WT and GFP-G3BP1 233 ΔRRM cell lines in which these patches were observed were the only lines in our panel capable of 234 supporting the replication of CHIKV ( Fig 1D) , we thought it likely that these patches represent some 235 important pro-viral factor that is required for CHIKV replication and which warranted further 236 investigation. 237 238 These electron-dense patches bear a striking similarity to sodium arsenite-induced SGs in HeLa and 239 HEK293 cells [33] , and also to SFV infection-induced SGs which we frequently observed in U2OS 240 ∆∆G3BP cells expressing GFP-G3BP1 F33W ( Fig S3D) . Overexpressed G3BP1 forms spontaneous, 241 stress-independent SGs that require both the NTF2-like domain and RGG regions [1, 2, 34] . It is 242 thought that the high concentrations of this protein can act to recruit ribosomes, mRNAs and other 243 proteins containing low complexity regions and prion-like domains, which can interact via multiple 244 low affinity interactions and undergo liquid-liquid phase separations (LLPS) to a hydrogel state [2] . 245
The presence of the electron-dense patches around CPVs depended on the recruitment of G3BP1 via 246 the NTF2-like domain and on the presence of the RGG region, since they were not seen in cells 247 expressing G3BP1 variants lacking these regions. We propose therefore that the patches are 248 generated by LLPS transitions nucleated by high local concentrations of G3BP1 surrounding clustered 249
CPVs. 250 251
Accumulation of GFP-G3BP1, nsP3 and translation initiation factors around SFV-induced CPVs. To 252
identify contents of these electron-dense patches, we performed immuno-electron microscopy, 253 staining SFV-infected U2OS ΔΔ + GFP-G3BP1 WT cells for nsP3 and GFP. In agreement with our immunofluorescence experiments, GFP-G3BP1 and nsP3 were found enriched in proximity to CPV 255 clusters ( Fig. 4A ). Moreover, both proteins were not restricted to the boundaries of the CPVs, where 256 the spherules are located, but rather stretched out over a larger area, enclosing nearby CPVs, thus 257 likely corresponding to the patches seen in figure 3B . This was particularly noticeable for GFP-G3BP1, 258 but to a lesser extent also for nsP3. 259 260 SGs are condensates of translationally silent mRNP complexes, which include many proteins 261 necessary for translation initiation [35, 36] . SG components are in dynamic equilibrium with 262 polysomes, and cycle rapidly between translationally silent SGs and translationally active polysomes 263 in cells recovering from stress [37] . We therefore considered the possibility that the recruitment of 264 such SG components around the CPV clusters might benefit the virus, as molecules associated with 265 translation initiation would be concentrated in the vicinity of viral mRNA production. We infected 266 cells with SFV and stained for canonical translation initiation factors eIF3B ( It has previously been shown that initiation of translation on the subgenomic 26S mRNA of certain 284 alphaviruses requires the initiation factor eIF2D (previously referred to as ligatin) [38, 39] . We found 285 that this factor is also specifically recruited to the CPV clusters in SFV-infected GFP-G3BP1 WT-and 286 GFP-G3BP1 ΔRRM expressing cells ( Fig. 4F, G) . 287 288 Old World alphavirus nsP3 forms a complex with 40S ribosomal subunits via G3BP. The RGG 289 domain of G3BP1 is important for association with 40S subunits during formation of SGs [2]. We 290 hypothesised therefore, that in infected cells, nsP3:G3BP1 complexes associate with 40S subunits, 291 recruiting them to the CPVs. To determine if nsP3:G3BP:40S subunit complexes exist in SFV infected 292 cells, we infected our panel of cell lines with SFV, isolated GFP-bound complexes at 7 hpi, and 293 immunoblotted for nsP3 and ribosomal proteins rpS6, rpS3 and rpL4 ( Fig. 5A ). As expected, nsP3 294 strongly coprecipitated with GFP-G3BP1 WT, 1-135, ∆RRM and ∆RGG. 40S ribosomal subunit proteins 295 rpS3 and rpS6 coprecipitated with GFP-G3BP1 WT and F33W, and even more robustly with ∆RRM, 296 but did not detectably interact with 1-135 or ∆RGG, confirming the necessity of the RGG region for 297 that interaction [2]. These results show that the G3BP1:40S subunit interaction remains intact in SFV-298 infected cells and can be found in complex with nsP3. 299
300
In order to verify that ternary complexes of nsP3, G3BP and 40S subunits assemble in alphavirus 301 infected cells, we performed immunoprecipitation experiments using pull-down of either 40S 302 subunits or of nsP3. For pull-down of 40S ribosomal subunits, we used a U2OS cell line stably 303 expressing rpS6-GFP, which functionally integrates into ribosomes [2]. We infected these cells with 304 either WT SFV or SFV-F3ANC, which contains an inactivating point mutation in each of its two FGDF 305 motifs, thus disrupting the nsP3:G3BP interaction [4, 17] . Isolation of 40S ribosomal subunits via 306 rpS6-GFP was confirmed by immunostaining for rpS3. Endogenous G3BP1 coprecipitated in all 307 conditions, but was more readily detected in SFV WT-infected cells (Fig. 5B ). Importantly, nsP3 308 coprecipitated from SFV WT-infected cells but not from those infected with SFV-F3ANC-infection. This 309 supports the observation that the nsP3:G3BP1 interaction does not prevent the association of G3BP1 310 with the 40S subunits, allowing the formation of nsP3:G3BP1:40S multi-protein complexes in SFV-311 infected cells. 312
313
The binding mechanism for CHIKV nsP3 to G3BP is very similar to that of SFV [17, 28], so we 314 predicted that 40S subunits would also be present in CHIKV nsP3-bound complexes. We transfected a 315 selected set of our reconstituted cell lines with biotin-acceptor peptide (BAP)-tagged CHIKV nsP3 [28, 316 40] and purified nsP3 complexes using streptavidin beads. Since each of the G3BP1 variants used 317 contained an intact NTF2-like domain, all coprecipitated with nsP3, as expected (Fig. 5C ). The 40S 318 subunit proteins rpS3 and rpS6 also co-precipitated with nsP3 from lysates of GFP-G3BP1 WT and 319 GFP-G3BP1 ∆RRM expressing cells, but not from those expressing GFP alone or GFP-G3BP1 ∆RGG. was more efficient when 40S subunits and initiation factors were recruited to CPVs, we used the 331 ribopuromycylation method to visualize translational activity in our reconstituted cells after SFV 332 infection. This method is based on the covalent attachment of puromycin (PMY) to nascent 333 polypeptide chains produced by actively translating ribosomes and its subsequent detection using a 334
puromycin-specific antibody [41, 42] . We infected each cell line with SFV for 8 hours, and then 335 applied a 5-minute pulse with puromycin before fixation and staining with nsP3 and puromycin 336 antibodies. For each cell line, representative cytoplasmic regions with characteristic nsP3-staining 337 indicate the localization of viral CPVs (Fig. 6A, boxes) . In some images, non-infected cells can be 338 observed, containing very strong and diffuse PMY signals indicative of uninhibited translation, but in 339 all infected cells, PMY staining is much reduced due to the profound shut off of host protein 340 synthesis. In GFP-G3BP1 WT expressing cells, strong PMY staining was evident in and around the CPV 341 clusters and was also detected in more diffuse areas in the cytoplasm. In contrast, GFP-G3BP1 F33W 342 expressing cells displayed fewer clustered nsP3 puncta with no detectable PMY staining, even upon 343 longer exposures. SFV nsP3 was also clustered in GFP-G3BP1 1-135 cells and, although PMY staining 344 was evident close to these clusters, it was noticeably weaker than in GFP-G3BP1 WT cells, for which 345 we had verified the interaction with 40S subunits. In GFP-G3BP1 ΔRRM expressing cells, CPVs were 346 less clustered, but usually displayed relatively strong PMY signals. However, In GFP-G3BP1 ΔRGG 347 expressing cells in which the G3BP:40S interaction is absent, nsP3 signals were more diffuse than in 348 GFP-G3BP1 ΔRRM expressing cells and even when detected in clusters in some cells, contained little 349 or no PMY staining. To allow for statistical analysis and provide a representative measure of localised 350 translational activity, we quantified the degree of nsP3-puromycin correlation in multiple cells using 351 the Pearson correlation coefficient (Fig. 6B ). We found there to be a positive correlation in all cell 352 lines, which was not surprising since all cells support replication and gene expression of SFV mRNA 353 ( Fig 1C) . However, there was a significant reduction in correlation compared to GFP-G3BP1 WT cells 354 in all cell lines except GFP-G3BP1 ΔRRM cells. The noticeably low levels of correlation in F33W cells 355 may be due to the presence of SGs that are still frequently found in these cells, which would 356 additionally restrict localized translation in these cells. observed increased absorbance at 254nM in fractions corresponding to polysomes. This is consistent 370 with a higher number of translating ribosomes in SFV WT infected cells as compared to mock-371 infected cells or cells exposed to SFV F3ANC (Fig. 7A, B World alphaviruses utilize the cellular ribosome-associated protein G3BP1 to enrich components of 381 the translation machinery at the sites of viral RNA replication. We show that virus replication at early 382 stages is dependent on the NTF2-like and RGG regions of G3BP1. These are the same domains that 383 are necessary for the formation of SGs under conditions of cellular stress, the NTF2-like domain is 384 needed for homodimerisation as well as binding to caprin-1 and USP10, the positive and negative 385 regulators of SGs, while the RGG region mediates binding to the 40S ribosomal subunits [2] . Under 386 infection conditions, nsP3 binds to the N-terminal NTF2-like domain of G3BP1 and recruits it to viral 387 replication complexes. We demonstrate that 40S ribosomal subunits remain associated with 388 nsP3:G3BP1 complexes (Fig. 5) , promoting the condensation of electron-dense patches around viral 389 spherules at the PM and around internal CPV clusters ( Figs. 3B and S3B) . These electron-dense 390 patches show noticeable similarity to bona fide SGs under the electron microscope ( Fig. S3D and  391 [33]) and are enriched for translation initiation factors that are also found in SGs [35] . In contrast to 392 stress-induced SGs however, the nsP3:G3BP1:40S complex-dependent protein accumulations are 393 sites of enhanced translation (Fig. 6 ). Our data suggest that recruitment of components of the host 394 translation machinery to CPVs is important for the efficient synthesis of CHIKV proteins, particularly 395 at early stages of replication and subsequently influencing all steps of the viral life cycle. This G3BP1-396 dependent recruitment of translational apparatus was necessary for CHIKV replication but was 397 dispensable for SFV replication, which was as efficient in the presence of only the NTF2-like domain 398 as it was with the full-length G3BP1 protein. Nevertheless, the translational advantage conferred by 399 the G3BP1 RGG domain is detected in SFV infected cells. Our hypothesis is furthermore supported by 400 the observation that infected cells, in which the SFV nsP3:G3BP1:40S complex can form ( Fig 5) and 401 engage significantly more ribosomes in translating polysomes than in cells where this complex 402 cannot form (Fig. 7A ). The sequestration of G3BP upon infection with Old World alphaviruses thus 403 not only subverts the cellular stress response, but also more explicitly exploits a host mechanism to 404 condense the translation machinery and target it for production of viral proteins. 405
406
The recruitment of translation initiation complexes around the CPV clusters is consistent with earlier 407 observations of large ribonucleoprotein networks extending outwards from SFV CPVs in BHK cells 408 that stained positive for nsP3 in immuno-EM studies [45] . In that work, the authors proposed that 409 the networks might represent sites of production of viral RNA and proteins and of encapsidation of 410 viral genomic RNA. Our work is consistent with that model and shows that the molecular link 411 between the viral CPVs and the cellular translation apparatus is G3BP1, recruited by nsP3. Other, 412 more recent work has provided evidence that the newly produced alphaviral RNAs, upon exit from 413 the spherule neck are protected from degradation by cellular RNases [46, 47] Several of the Arg residues are methylated, a modification that is rapidly removed prior to SG 421 formation [50]. It is not known whether the interaction between the G3BP1 RGG domain and the 40S 422 ribosomal subunit is mediated by protein or RNA components of the 40S ribosome, but we previously 423 reported that the interaction is partially resistant to RNase digestion [2] . We also note a distinct lack 424 of aromatic amino acids in the G3BP RGG domains that would be characteristic of a nucleic acid 425 binding domain [49] . Further work will be required to more exactly map the interaction regions of 426 G3BP and the 40S subunit. 427 428 Our work also identified a minor role for the RRM domain, since CHIKV replication was delayed and 429 final titres were reduced in its absence (Fig. 1D) . Interestingly, we found that association of 430 translation initiation factors with SFV dsRNA-positive replication complexes was reduced in the 431 absence of the RRM domain ( Fig. 4B-G) . However, deletion of the RRM domain results in stronger 432 association of G3BP1 with 40S subunits in GFP-G3BP1 pull-down experiments (Fig. 5A) and [2] , 433 although not in our CHIKV BAP-nsP3 immunoprecipitation (Fig. 5C ). The RRM domain of G3BP is a 434 putative RNA-binding domain containing two conserved ribonucleoprotein motifs, RNP1 and RNP2 435 [51] . Several studies have reported RNA-binding properties of G3BP, including interactions with viral RNA [52-54]. It is therefore possible that the RRM domain engages alphavirus mRNA once released 437 from viral replication complexes, and thereby readily provides transcripts for 40S subunits bound to 438 the RGG domain. Alternatively, it may be involved in the sorting of genomic RNAs away from 439 translation complexes, for example for encapsidation. Further work will be required to determine the 440 role of the RRM domain. 441
442
The strict requirement for particular domains of G3BP1 for CHIKV strongly restricted our 443 experimental abilities, as CHIKV is essentially non-viable in most of our mutant cell lines (Fig. 1D ). We 444 therefore employed the closely related SFV, which replicates at a reduced level even in the absence 445 of G3BP (Fig. 1C) , in order to investigate the influence of different G3BP1 domains during various 446 steps of the alphavirus replication cycle. SFV is commonly used as a representative model virus in Old 447
World alphavirus research. In fact, CHIKV and SFV nsP3 proteins both contain FGDF motifs [28] , 448 which bind to the NTF2-like domain of G3BP in an identical manner although surrounding sequences 449 may impose a slightly different orientation of the G3BP monomers in the proposed polycomplex [17] . 450
Although the extent to which the viruses depended on G3BP1 differed, both replicated best in the 451 presence of full length G3BP1 and least well in the absence of the protein or in the presence of the 452 F33W binding mutant, as expected. A striking difference between CHIKV and SFV is the ability of the 453 NTF2-like domain alone (G3BP1 1-135) to rescue the replication of SFV, but not CHIKV. The rescue of 454 SFV replication was especially remarkable considering that the expression level of the GFP-G3BP 1-455 135 construct was considerably lower than that of GFP-G3BP WT (Fig. 1B) . To our knowledge, no 456 enzymatic function of the NTF2-like domain has been reported and we propose a solely structural 457 pro-viral role. It is known that the NTF2-like domain of G3BP forms dimers [55] and in our previous 458 work we have shown that the two FGDF-motifs of nsP3 link these dimers into a chain of nsP3-G3BP 459 oligomers [17] . We hypothesized that these oligomeric structures could stabilize viral replication 460 complexes by binding them together, thus ensuring that, upon internalization, each CPV contains a 461 high concentration of spherules. In contrast to SFV, CHIKV replication was not supported by G3BP1 1-462 135 alone (Fig. 1D) , but in the few G3BP1 1-135 expressing cells in which CHIKV nsP3 was detected, it 463 was also observed in foci together with GFP-G3BP1 1-135 ( Fig S2) . However, dsRNA signals were very 464 weak and no infectious virus was released from those cells indicating that this recruitment is not 465 enough to promote replication of CHIKV. Primary antibodies: rabbit anti-GFP (290; Abcam; 1:10.000), mouse anti-rpS6 (74459; Santa Cruz; 544 1:2.000), mouse anti-rpS3 (66046-1-Ig; Proteintech; 1:2.000), rabbit antiserum against SFV-nsP3 545
(1:7.000; [63]), mouse anti-G3BP1 (365338; Santa Cruz; 1:1.000), goat anti-actin (1616; Santa Cruz; 546 1:500). Secondary antibodies: HRP-conjugated anti-mouse (Sigma A9044; 1:10.000), HRP-conjugated 547 anti-rabbit (Cell Signaling; 1:5.000). Densitometry was performed using ImageJ. 548 549 Immunofluorescence and microscopy. Cells grown on cover glasses (VWR) were fixed with 3.7% 550 formaldehyde (v/v) in PBS for 15 min at room temperature, immersed in methanol for 10 min at -551 20°C and blocked with 5% horse serum (Sigma) in PBS at 4°C overnight. Antibodies were diluted in 552 blocking buffer as listed below and samples were incubated for 1 h with primary antibodies, followed 553 by 30 min incubation with secondary antibodies at room temperature. Cover glasses were mounted 554 on glass slides using vinol mounting media [64] and imaged by confocal laser scanning microscopy 555 using a Supercontinuum Confocal Leica TCS SP5 X equipped with a pulsed white light laser and a 556 Leica HCX PL Apo 63x/1.40 oil objective. Images were processed using Adobe Photoshop. Settings for 557 image acquisition and adjustment were kept constant for all samples for dsRNA signals. Settings for 558 nsP3 and GFP were varied slightly between samples to compensate for strong differences in 
